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novice and M pthnd for t he Automated Cycling of Solutions 
Between Two or More Temp eratures . 
Field of the Invention 

The present invention relates to an apparatus and 
5 method for the automated cycling situation between two or 
more temperatures, with application, for example, in the 
amplification of nucleic acid sequences by heat-stable 
enzymes using thermal cycling. 
Background of the Invention 

10 i n a number of applications such as gene analysis and 

DNA profiling, it is desirable to multiply the amount of 
particular nucleic acid sequences present in a sample. 
For example, a duplex DNA segment of up to 5,000 base 
pairs in length may be amplified many million-fold by 

15 means of the polymerase chain reaction (PCR;[1]), starting 
from as little as a single copy [2,3]. 

In this technique a denatured duplex DNA sample is 
incubated with a molar excess of two oligonucleotide 
primers, one being complementary to a short sequence in 

20 one strand of the DNA duplex and the other being identical 
to a second short sequence upstream of it (i.e. more 5'), 
such that each primer anneals to its complementary 
sequence and primes the template-dependent synthesis by a 
DNA polymerase of a complementary strand which extends 

25 beyond the site of annealing of the other primer, through 
the incorporation of deoxynucleotide triphosphates 
provided. Multiple cycles of denaturation , annealing and 
synthesis each afford an approximate doubling of the 
amount of target sequence, where the target sequence is 

30 defined as the DNA sequence subtended by and including the 
primers. Each cycle is controlled by varying the 
temperature to permit successive denaturation of 
complementary strands of duplex DNA, annealing of the 
primers to their complementary sequences and primed 

35 synthesis of new complementary DNA strands. The use of a 
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thermostable DNA polymerase obviates the necessity of 
adding new enzyme for each cycle [4,5], thus allowing 
automation of the DNA amplification process simply by 
thermal cycling. Twenty amplification cycles increase the 
5 amount of target sequence by approximately one 

million-fold (being theoretically 2 20 but usually less 

in practice) . 

The oligonucleotide primers used to prime DNA 
synthesis in the polymerase chain reaction need not 

10 necessarily complement sequences within the DNA of the 
sample but may be complementary to oligonucleotides that 
have been ligated to the termini of DNA fragments 
generated from the sample DNA by digestion with a 
restriction endonuclease or other means [6]. 

15 The polymerase chain reaction can be implemented with 

thermostable DNA polymerases isolated from a number of 
different sources and with enzymatically-active fragments 
and derivatives of naturally occurring thermostable DNA 
polymerases. In its most usual application the polymerase 

20 chain reaction is used to amplify DNA target sequences but 
it can be used also to provide amplified DNA sequences 
corresponding to RNA target sequences by first 
synthesizing DNA sequences complementary to the target RNA 
sequences. This is achieved by primed synthesis with a 

25 class of DNA polymerase enzyme known as reverse 

transcriptase. Reverse transcriptases are also capable of 
synthesizing DNA complementary to DNA templates and so may 
be used for primed DNA synthesis in the polymerase chain 
reaction. In particular a thermostable reverse 

30 transcriptase may be used for this purpose. 

For the purposes of DNA analysis the polymerase chain 
reaction technique offers the advantage of providing a 
large amount of a specific sequence of DNA, whose 
extremities are defined by the included primers, 

35 sufficient for detailed analysis. More detailed 
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information regarding the polymerase chain reaction 
technique can be found in Innis et al 1990 [7]. 

A further thermal cycling technique that is used to 
amplify specific target nucleic acid sequences is the 
5 ligation amplification reaction (LAR) . For exponential 
amplification with this technique, two pairs of 
oligonucleotides that are complementary to overlapping 
continuous portions of the complementary strands of a 
target sequence in sample DNA are ligated together in a 

10 template-dependent reaction catalysed by a DNA ligase 

enzyme. The duplex strands of DNA are then denatured by 
heating and the specific oligonucleotides again are 
allowed to anneal and are again ligated. Multiple cycles 
of denaturation, annealing and ligation each afford an 

15 approximate doubling of the amount of target sequence 
[8]. This procedure has particular application in 
discriminating between alleles that may differ by as 
little as a single base in their respective DNA sequences 
and is particularly useful in analysing the sequence of 

20 DNA products resulting from amplification of target 

sequences by the polymerase chain reaction [8]. The use 
of a thermostable DNA ligase in the ligation amplification 
reaction allows the procedure to be automated by thermal 
cycling . 

25 Devices for use in the automated thermal cycling of 

reaction mixtures for amplification of nucleic acid 
sequences typically consist of a heat conductive material 
provided with vertical cylindrical channels to receive 
vessels in which the reaction is to take place. The 

30 vessels typically are small plastic tubes with a conical 
lower section and an attached lid, typically capable of 
holding 0.5 ml or 1.5 ml of liquid and known as "Eppendorf 
tubes". The heat conductive material is provided with 
heating/cooling means. One of the difficulties 

35 encountered in the use of such devices has been the 
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amplification reactions present a particular problem by 
virtue of their abundance and the fact that they comprise 
specific target sequences. Automation of procedures 
minimise the opportunity for such contamination and allows 
5 the implementation of stringent quality control. 
Summar y of the Invention 

In the first aspect the present invention consists in 
a method of cyclically heating and cooling a reaction 
mixture comprising: - 
10 i) injecting the reaction mixture into a stream of 

carrier fluid in which the reaction mixture is 

immiscible ; 

ii) bringing the stream of carrier fluid containing the 
reaction mixture into contact with a plurality of 

15 different temperature zones, each temperature zone 

being held at a predetermined temperature and the 
stream of carrier fluid being in contact with each 
temperature zone for a pre-determined period of time; 

iii) repeating step 2 until the desired number of heating 
20 and cooling cycles has been achieved; and 

iv) recovering the reaction mixture from the carrier fluid 
In the second aspect the present invention consists 

in an apparatus for use in cyclically heating and cooling 
a reaction mixture, the apparatus comprising a tube 

25 adapted to carry a stream of carrier fluid, the tube being 
provided with an inlet port to enable injection of the 
reaction mixture; pump means adapted to maintain the flow 
of the stream of carrier fluid through the tube; a 
plurality of zones at differing temperatures into 

30 contact with which the tube containing the fluid stream is 
brought for a predetermined period of time; and recovery 
means adapted to allow the removal of the reaction mixture 
from the carrier fluid following the desired number of 
heating and cooling cycle being achieved. 

35 m a third aspect the present invention consists in a 
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method of amplifying the amount of a nucleic acid sequence 
present in a sample using the polymerase chain reaction. 
The sequence to be amplified may be a DNA sequence 
contained within the sample as a normal part of the DNA of 
5 the sample or it may be a fragment derived from the DNA of 
the sample to which oligonucleotide ( s ) have been ligated 
or it may be duplex DNA that has been synthesized such 
that one stand is complementary to and one strand is 
identical with an RNA sequence and to which 
10 oligonucleotide^ ) may or may not have been ligated. The 
method comprises the following steps : - 

(i) Adding thermostable DNA polymerase (or an 

enzymatically active fragment thereof or an 
enzymatically active derivative thereof or a 
15 reverse transcriptase), suitable 

oligonucleotide primers, the four 
deoxyribonucleotide triphosphates and other 
desirable components to the sample to form a 
reaction mixture; 
20 injecting the reaction mixture into 

a stream of carrier fluid, the reaction 
mixture being immiscible in the carrier 
fluid; 

(iii) Bringing the stream of the carrier fluid 
25 containing the reaction mixture into contact 

with a plurality of different temperature 
zones, the temperature of the different 
temperature zones and the time the carrier 
fluid containing the reaction mixture is in 
30 contact with the individual temperature zones 

being selected such that the following 
reactions take place in the reaction mixture: 
(a) denaturation of the DNA strands in the 
sample, (b) annealing of the oligonucleotide 
35 primers with complementary sequences in the 
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sample DNA, and (c) primed synthesis of new 
strands of complementary DNA that each extend 
beyond the site of annealing of the alternate 
primer ; 

5 (iv) Repeating step (iii) until the desired level of 

amplification has been achieved; and 
(v) Recovering the reaction mixture from the 

carrier fluid. 
In a fourth aspect the present invention consists in 

10 a device for use in amplifying the amount of specific 
target DNA sequence(s) present in a sample using the 
polymerase chain reaction, the device comprising a tube 
adapted to carry a stream of carrier fluid, the tube being 
provided with an inlet port to enable injection of a 

15 reaction mixture comprising the sample, thermostable DNA 
polymerase (or an enzymatically active fragment thereof or 
an enzymatically active derivative thereof or a reverse 
transcriptase), suitable oligonucleotide primers, the four 
deoxyribonucleotide triphosphates and other desirable 

20 components into the carrier fluid; pump means adapted to 
maintain the flow of the carrier fluid through the tube; 
a plurality of zones at differing temperatures into 
contact with which the tube containing the stream of 
carrier fluid is brought, the differing temperatures and 

25 the time for which the carrier fluid stream containing the 
reaction mixture is in contact with the individual zones 
being selected such that the following reactions take 
place in the reaction mixture: (a) denaturation of the 
DNA strands in the sample, (b) annealing of the 

30 oligonucleotide primers with complementary sequences in 

the sample DNA, and (c) primed synthesis of new strands of 
complementary DNA that each extend beyond the site of 
annealing of the alternate primer; and recovery means 
adapted to allow removal of the reaction mixture from the 

35 carrier fluid following amplification of the specific 
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10 



target DNA sequence(s) present in the sample. 

in a preferred embodiment of the present invention 
there is provided an in-line analysis means downstream of 
the plurality of zones at differing temperatures. The 
in-line analysis means determines the extent of 
amplification which has occurred in the reaction mixture 
and may additionally determine the specificity of 
amplification of defined target DNA sequence (s). 

in a preferred embodiment of the present invention 
there are two or three, and most preferably two, zones of 
differing temperature. Where there are three zones of 
differing temperature it is preferred that one zone is at 
about 94°C, one zone at about 60°C and one zone at 
about 73°C. It is preferred that the time taken for the 
15 fluid carrier stream containing the reaction mixture to 
pass through these three zones is about 20 seconds, about 
10 seconds and about 2 minutes, respectively. However, 
the most suitable temperatures of the three differing 
zones and the most suitable time taken for the fluid 
carrier stream containing the reaction mixture to pass 
through these three zones is dependent on the enzyme used 
for DNA synthesis, the sequence composition of the 
oligonucleotide primers and the sequence composition of 
the defined target DNA sequence(s) in the sample. 
25 Where there are two zones of differing temperature it 

is preferred that these zones are at about 94°C and at 
about 70°C and that the time taken for the fluid carrier 
stream containing the reaction mixture to pass through 
these two zones is about 30 seconds and about 2 minutes, 
30 respectively. However, the most suitable temperatures for 
the two differing zones and the most suitable time taken 
for the fluid carrier stream containing the reaction 
mixture to pass through these two zones is dependent on 
the enzyme used for DNA synthesis, the sequence 
35 composition of the oligonucleotide primers and the 
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sequence composition of the defined target DNA sequence(s) 
in the sample. 

In a fifth aspect the present invention consists in a 
method of amplifying the amount of a nucleic acid sequence 
5 present in a sample using the ligation amplification 
reaction. The sequence to be amplified may be a DNA 
sequence contained within the sample as a normal part of 
the DNA of the sample or it may be duplex DNA that has 
been synthesized such that one stand is complementary to 
10 and one strand is identical with an RNA sequence. The 
method comprises the following steps: - 

(i) Adding thermostable DNA ligase (or an 
enzymatically active fragment thereof or an 
enzymatically active derivative thereof), 

15 suitable oligonucleotides, ATP or similar 

required nucleotide and other desirable 
components to the sample to form a reaction 
mixture ; 

(ii) Injecting the reaction mixture into a stream of 
20 carrier fluid, the reaction mixture being 

immiscible in the carrier fluid; 

(iii) Bringing the stream of the carrier fluid 
containing the reaction mixture into contact 
with a plurality of different temperature 

25 zones, the temperature of the different 

temperature zones and the time the carrier 
fluid containing the reaction mixture is in 
contact with the individual temperature zones 
being selected such that the following 

30 reactions take place sequentially in the 

reaction mixture: (a) denaturation of the DNA 
strands in the sample, (b) annealing of the 
oligonucleotides with complementary sequences 
in the sample DNA, and (c) ligation of adjacent 

35 annealed oligonucleotides; 
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(iv) Repeating step (iii) -til the desired level of 
amplification has been achieved; and 

(v) Recovering the reaction nature from the 
carrier fluid. 

in a ,i*th a.p.ct th. pr.s.nt invention consist, i. > • 

device for ... in Mplitying th. «*».t of 
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there is provided an in-line analysis means downstream of 
the plurality of zones at differing temperatures. The 

in-line analysis means determines the extent of 
xn-xine ana i reaction mixture 

35 amplification which has occurred in the react 
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and may additionally determine the specificity of 
amplification of defined target DNA sequence(s). 

The number of differing temperature zones, the most 
suitable temperatures for the differing zones and the most 
5 suitable time taken for the fluid carrier stream 

containing the reaction mixture to pass through these 
zones is dependent on the enzyme used for DNA ligation and 
the sequence composition of the oligonucleotides. 

Whilst the cycling of a reaction mixture from one 

10 temperature zone to another may be achieved by arranging a 
number of individual temperature zones along the fluid 
stream path, it is presently preferred that there are 
simply two or three individual temperature zones and the 
stream of carrier fluid, by following a convoluted path, 

15 flows through or into contact with the individual 

temperature zones a plurality of times. In the situation 
where there are two individual temperature zones the fluid 
path goes from the first temperature zone to the second 
temperature zone from where it flows back to the first 

2 0 temperature zone and so on. 

In a particularly preferred arrangement the 
individual temperature zones are cylinders with the tube 
carrying the carrier fluid being wrapped around individual 
cylinders within enclosed vessels. For example, the tube 

25 may be wrapped around a cylinder at 94°C once from where 
it passes to a cylinder of similar diameter at 70°C 
around which it is wrapped four times. By simply varying 
the diameter of the cylinders and the number of times the 
tube passes around a particular cylinder the time that the 

30 reaction mixture is in contact with the cylinder can be 
varied. The cylinders around which the tube is wrapped 
may be provided with thermostatically controlled 
heating/cooling means or the cylinders with the tube 
wrapped around them may be immersed in an enclosed vessel 

35 of fluid that is provided with thermostatically controlled 
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heating/cooling means. 

Due to the fact that the reaction mixture is 
immiscible in the carrier fluid, the reaction mixture 
passes along with the fluid stream as a discrete pocket or 
5 plug. As will be readily envisaged, this enables the 
method and apparatus of the present invention to be used 
in sequential processing of multiple samples. This is 
achieved by simply spacing the reaction mixtures along the 
stream of carrier fluid by spacing the injection of 

10 different reaction mixtures in time. 

Whilst the separation of the different reaction 
mixtures by carrier fluid is generally sufficient to 
ensure against mixing of the separate reaction mixtures, 
it is presently preferred that a pocket or plug of purging 

15 solution destructive to DNA such as sodium hypochlorite or 
hydrochloric acid is provided in the carrier stream 
between the individual reaction mixtures. As will be 
envisaged, any carry-over of DNA from one reaction mixture 
to the next will be substantially prevented from adversely 

20 affecting the procedure in the second reaction mixture by 
its destruction by the purging solution. It is also 
preferred that this purging solution is introduced into 
the fluid stream through the same inlet port through which 
the reaction mixtures are introduced into the fluid 

25 stream. This serves to prevent any carry-over of one 

reaction mixture to another which may occur by virtue of 
contamination of the inlet port with DNA components of a 
previous reaction mixture. 

As stated above, individual reaction mixtures are 

30 separated by a volume of carrier fluid. In order to 

prevent mixing of one reaction mixture with a subsequent 
reaction mixture it is preferable that back pressure is 
exerted on the fluid stream to prevent vaporisation of the 
fluid stream and reaction mixtures as they pass through 

35 the zone(s) of high temperature. This is preferably 
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achieved by the provision of back pressure means at the 
end of the fluid stream. 

In addition, to aid in preventing mixing of reaction 
mixtures it is preferred that the flow rate and 
5 cross-sectional diameter of the fluid stream are such that 
turbulent flow is avoided and laminar flow is achieved. 
Tubing of small diameter is particularly preferred since 
it is beneficial to rapid heat transfer. 

The carrier fluid may be any of a number of fluids in 
10 which the reaction mixture is immiscible. However, it is 
presently preferred that the carrier fluid is either a 
silicone oil or mineral oil. 

In yet a further preferred embodiment the fluid 
stream containing the reaction mixture is brought into 
15 contact with a cooling zone after the desired number of 
cycles has been completed. 
DETAILED DESCRIPTION OF THE INVENTION 

In order that the nature of the present invention may 
be more clearly understood, a preferred form thereof as 
20 used for the polymerase chain reaction will now be 

described with reference to the accompanying drawings in 
which: - 

Figure 1 is a schematic representation of a preferred 
embodiment of the apparatus of the present invention; and 
25 Figure 2 is an expanded view of tube 12 of Figure 1. 

As is shown in figure 1, the apparatus 10 comprises 
tube 12 through which a fluid stream passes. As is more 
clearly shown in Figure 2, the fluid stream includes 
pockets of reaction mixtures 42 and 44 and purging 
30 solution 48 separated by carrier fluid 46. 

Provided at one end of tube 12 is pump means 14. The 
pump means maintains the flow of liquid along tube 12 in 
the direction shown by arrows 15. Provided on tube 12 is 
inlet port 16 through which reaction mixture is injected 
35 by means 24 and purging solution is injected by means 26. 
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The apparatus 10 includes temperature zones 18, 
and 22. The temperature of zone 18 is approximately^ 
94°C, the temperature of zone 20 is approximately 60 C 
and the temperature of zone 22 is approximately 73 C. 
5 Tube 12 is arranged between temperature zones 18, 20 and 
22 such that the tube passes back and forth between the 
zones a plurality of times and has a different length in 
each zone depending on the residence of flowing fluid 
required. Downstream of temperature zones 18, 20 and 22 
10 is temperature zone 34 which is typically at ambient 
temperature but may be at 4°C or thereabouts. 

Downstream of temperature zone 34 is in-line analysis 
means 29 and recovery means 28. Connected to recovery 
means 28 is detection means 30. Detection means 30 
15 determines when a reaction mixture in the carrier fluid 
reaches recovery means 28. This may be done by measuring 
the conductivity or optical density of the stream of 
carrier fluid. As the conductivity and optical density of 
the reaction mixtures differ from those of the carrier 
20 fluid the arrival of a reaction mixture at the recovery 
means 2 8 may be readily detected. Upon detection of a 
reaction mixture recovery means 28 is actuated and the 
reaction mixture is recovered from the fluid stream. 

At the end of tube 12 remote from pump means 14 is 
25 provided back pressure device 32. This enables a positive 
pressure to be maintained throughout tube 12 which 
prevents bubble formation due to vaporisation in the fluid 
stream in any of temperature zones 18, 20 or 22. 

in operation, pump means is actuated and carrier 
30 fluid is pumped through tube 12 which is arranged between 
temperature zones 18, 20 and 22 such that tube 12 passes 
back and forth between zones 18, 20 and 22 up to forty 
times and may have a different length in each of zones 18, 
20 and 22 depending on the residence time of flowing fluid 
35 required. 
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A reaction mixture comprising the sample containing 
the DNA sequence(s) to be amplified, thermostable DNA 
polymerase (or an enzymatically active fragment thereof 
or an anzymatically active derivative thereof or a 
5 reverse transcriptase), suitable oligonucleotide primers, 
the four deoxyribonucleotide triphospohates and other 
desirable components in a small volume, approximately 
5-20 ul, is injected by means 24 into tube 12 via inlet 
port 16. The carrier fluid 46 carries the reaction 

10 mixture 44 through temperature zone 18, in which DNA 
strands are denatured, to temperature zone 20, where 
annealing of the oligonucleotide primers takes place, to 
temperature zone 22, where synthesis of new DNA stands 
takes place, then back to temperature zone 18. 

15 a small volume of purging solution 48 is injected 

after reaction mixture 44 by means 26 into tube 12 via 
inlet port 16. The next reaction mixture 42 is then 
injected by means 24 into tube 12 via inlet port 16. 
These processes can be repeated continuously at intervals 

20 of a few seconds, depending on the flow rate along tube 
12 . 

After multiple passes through zones 18, 20 and 22 
the amplified reaction mixtures 44 and 42 are cooled by 
means 34 and then reach in-line analysis means 2 9 where 

25 the degree of amplification is assessed and the 

specificity of amplification may be assessed. From 
in-line analysis means 29 reaction mixtures 44 and 42 
pass to recovery means 28 where their presence is 
detected by detection means 30. This actuates the 

30 recovery means 28 and the amplified samples are rocovered 
from the fluid stream in tube 12. Positioned downstream 
of recovery means 28 is back pressure means 32. The back 
pressure means 32 maintains system pressure at 
approximately 60 - 100 PSIG to prevent bubble formation 

35 in the reaction mixture or carrier fluid. 
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In order that the nature of the present invention may 
be more clearly understood, a preferred form thereof 
utilising the polymerase chain reaction will now be 
described with reference to the following proposed example, 
5 EXAMPLE 

The sample containing the DNA sequences to be 
amplified is mixed with thermostable DNA polymerase, 
suitable oligonucleotide primers, dATP, dCTP, dGTP and 
dTTP and other desirable components in a volume of 25^1 

10 or less, depending on the volume to be injected. 

Two heated zones are set up, one at 94°C and one at 
70°C. A pump which delivers a flow rate of 100/j1 per 
minute is connected to a tube composed of material inert 
to both the. reaction mixture and carrier fluid. The tube 

15 is arranged so that the residence time of flowing fluid is 
five minutes at 94°C. The tube then passes to the 
70°C zone such that the residence time of flowing fluid 
is two minutes and then passes back to the 94 C zone 
such that the residence time of flowing fluid is 30 

20 seconds. The tube passes back and forth in this 

arrangement (two minutes fluid residence at 70° then 30 
second fluid residence at 9 4°C) twenty to forty times, 
depending on the extent of amplification required. After 
leaving the 7 0°C zone for the final time the tube then 

25 passes through a cooling zone and then via the sample 
collection valve to the back pressure device. 

The pump is actuated and the reaction mixture of 
20/il or less is injected into the mineral oil or silicone 
oil carrier fluid and specific DNA sequences 

30 (whose limits are defined by the oligonucleotide primers) 
present in the sample are amplified as it passes 
cyclically through the temperature zones. 

A few seconds after a reaction mixture is injected a 
small amount (5yl) of purging reagent, sodium 

35 hypochlorite or hydrochloric acid, is injected into the 
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tube. This is separated from the reaction mixture by 
carrier fluid that has flowed by in the time between 
successive injection of the reaction mixture and the 
purging reagent. After a similar delay another reaction 
5 mixture is injected and the process repeated. In this 
manner many samples may be amplified without possibility 
of carry-over from one sample to another. In particular, 
amplified products of one sample are not at any stage in 
contact with or proximate to unamplified components of 

10 another sample. Successive samples can be applied at 
intervals of 30 seconds or less and after the total 
reaction time emerge amplified and be recovered at 
intervals of 30 seconds or less. 

The apparatus and method of the present invention 

15 provides a rapid and automated means by which DNA 

sequences in a large number of samples can be amplified in 
continuous sequence by thermostable enzymes using thermal 
cycling. As stated previously, one of the main drawbacks 
encountered in prior art devices for the amplification of 

20 nucleic acid sequences by means of thermal cycling is 
achieving rapid and uniform heating and cooling of the 
reaction mixtures. In the present invention the high 
ratio of surface area to volume of the fluid stream 
enables a rapid transfer of heat to and from the reaction 

25 mixtures, all of which are subjected to identical thermal 
environments. The last consideration is of particular 
value in the application of nucleic acid amplification 
procedures to the quantification of defined nucleic acid 
sequences . 

30 The apparatus and method of the present invention 

provides the further advantages that the application of 
samples can be automated with an automated sample 
injection device, thereby minimising both the number of 
manual procedures required and the opportunity for 

35 inadvertent contamination while increasing the opportunity 
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for quality control. The further possibility exists for 
inclusion of an automated means for in-line analysis of 
the amplified reaction product(s). 

The automated injection of samples may be further 
5 accomplished by injection of DNA sample into a plug of 
reaction mixture containing thermostable DNA polymerase, 
suitable oligonucleotide primers, the four 
deoxyribonucleotide triphosphates and other desirable 

components . 

10 The individual temperature zones may be formed of any 

material of relatively high thermal conductivity. 
Alternatively, the individual temperature zones may be 
fluid-filled baths maintained thermostatically at the 
required temperature. 

15 it will be appreciated by persons skilled in the art 

that numerous variations and/or modifications may be made 
to the invention as shown in the specific embodiments 
without departing from the spirit or scope of the 
invention as broadly described. The present embodiments 

20 are, therefore, to be considered in all respects as 
illustrative and not restrictive. 
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10 



15 



20 



Method of cyclically heating and cooling a reaction 
mixture comprising: 

i> injecting the reaction fixture into a 

carrier fluid in which the reaction mixture is 

immiscible; . 

ii, bringing the stream of carrier fluid containing the 
reaction mixture into contact with a plurality of 
different temperature zones, each temperature zone 
being held at a predetermined temperature and the 
stream of carrier fluid being in contact with each 
temperature zone for a pre-determined period of time, 

iii, repeating step 2 until the desired number of heating 
and cooling cycles has been achieved? and 

iV ) recovering the reaction mixture from the carrier 

2 a method as claimed in claim 1 in which a second 
reaction mixture is injected into the fluid stream 
upstream of the first reaction mixture, the two reaction 
mixtures being separated by carrier fluid. 

3 A method as claimed in claim 2 in which a purging 
reagent destructive to DNA is injected into the stream of 
carrier fluid between the two reaction mixtures. 

4. A method as claimed in claim 1 in which, prior to 
step (iv), the carrier fluid is brought into contact with 



30 



a cooling zone. 
5. 



35 



5 An apparatus for use in cyclically heating and 
cooling a reaction mixture, the apparatus comprising a 

adapted to a stream of carrier fluid, the tube 

b eing provided with an inlet port to enable "^n^f 
the reaction mixture; pump means adapted to maintain the 
flow of the stream of carrier fluid through the tube; a 
plurality of zones at differing temperatures which into 
intact with which the tube containing the fluid stream i 
bought for a predetermined period of time; and recovery 




L 



I 
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with complementary sequences in the same 
DNA, and 

(c) primed synthesis of new strands of 

complementary DNA that each extend beyond 
5 the site of annealing of the alternate 

primer ; 

iv) Repeating step 3 until the desired level of 
amplification has been achieved; and 

v) Recovering the reaction mixture from the carrier 

10 fluid. . 

9 A method as claimed in claim 8 in which prior to step 
( v) the extent and/or specificity of amplification is 
assessed by in-line analysis means. 

10 A method as claimed in claim 8 in which there are 
15 three temperature zones and the carrier fluid cyclically 

passes through or into contact with the three temperature 
zones . 

11. A method as claimed in claim 8 in which there are two 

temperature zones . 
20 12. A method as claimed in claim 8 in which a second 

reaction mixture is injected into the fluid stream 

upstream of the first reaction mixture, the two reaction 

mixtures being separated by carrier fluid. 

13 A method as claimed in claim 12 in which a purging 
25 reagent destructive to DNA is injected into the stream of 

carrier fluid between the two reaction mixtures. 

14. A method a claimed in claim 8 in which, prior to step 

(v), the carrier fluid is brought into contact with a 

cooling zone. 

30 15 • An apparatus for use in amplifying the amount of DNA 
or RNA present in a sample using the polymerase chain 
reaction, the apparatus comprising a tube adapted to carry 
a stream of carrier fluid, the tube being provided with an 
inlet port to enable injection of a reaction mixture 

35 comprising the sample, thermostable DNA polymerase (or an 
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enzymatically active fragment thereof or an enzymat ically 
active derivative thereof or a reverse transcriptase), 
suitable oligonucleotide primers, the four 
deoxyribonucleotide triphosphates and other desirable 
5 components into the carrier fluid; pump means adapted to 
maintain the flow of the stream of carrier fluid through 
the tube; a plurality of zones at differing temperatures 
into contact with which the tube containing the carrier 
fluid is brought, the differing temperatures and the time 
10 for which the carrier fluid containing the reaction 
mixture is in contact with the individual zones being 
selected such that the following reactions take place in 
the reaction mixture: 

(a) denaturation of the DNA strands in the sample, 
15 (b) annealing of the oligonucleotide primers with 
complementary sequences in the sample DNA, and 
(c) primed synthesis of new strands of target DNA 

sequence whose limits are defined by the primers; 
and recovery means adapted to allow removal of the 
20 reaction mixture from the carrier fluid following 

amplification of the specific target DNA sequence(s) 
present in the sample. 

16. An apparatus as claimed in claim 15 in which an 
in-line analysis means adapted to assess the extent and/or 

25 specificity of amplification in the reaction is provided 
downstream of the plurality of zones at differing 
temperatures . 

17. An apparatus as claimed in claim 15 in which there 
are three temperature zones and the carrier fluid 

30 cyclically passes through or into contact with the three 
temperature zones . 

18. An apparatus as claimed in claim 15 in which there 
are two temperature zones . 

19. An apparatus as claimed in claim 15 in which the tube 
35 passes around each of the temperature zones . 
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20 An apparatus as claimed in claim 15 in which the 
apparatus includes a cooling zone into contact with which 
the carrier fluid is brought prior to reaching the 

recovery means . 
5 21. A method of amplifying the amount of DNA or RNA 
present in a sample using the ligation amplif ication 
reaction comprising the following steps :- 

( i) adding thermostable DNA ligase (or an enzymatically 
active fragment thereof or an enzymatically active 

10 derivative thereof), suitable oligonucleotides, ATP 

or similar required nucleotide and other desirable 
components to the sample to form a reaction mixture; 

(ii) injecting the reaction mixture into a stream of 
carrier fluid, the reaction mixture being immiscible 

15 in the carrier fluid; 

(iii) bringing the stream of the carrier fluid containing 
the reaction mixture into contact with a plurality 
of different temperature zones, the temperature of 
the different temperature zones and the time the 

20 carrier fluid containing the reaction mixture is in 

contact with the individual temperature zones being 
selected such that the following reactions take 
place sequentially in the reaction mixture: 
(a) denaturation of the DNA strands in the mixture, 

25 (b ) annealing o the oligonucleotides with 

complementary sequences in the DNA of the mixture, 
and (c) ligation of adjacent oligonucleotides; 

( iv) repeating step (iii) until the desired level of 
amplification has been achieved; and 

30 (v) recovering the reaction mixture from the carrier 
fluid. 

22. A method as claimed in claim 21 in which prior to 
step (v) the extent and/or specificity of amplification is 
assessed by in-line analysis means. 
35 23. A method as claimed in claim 21 in which there are 
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three temperature zones and the carrier fluid cyclically 
passes through or into contact with the three temperature 
zones . 

24. A method as claimed in claim 21 in which there are 
5 two temperature zones . 

25. A method as claimed in claim 21 in which a second 
reaction mixture is injected into the fluid stream 
upstream of the first reaction mixture. 

26. A method as claimed in claim 25 in which a purging 
10 reagent destructive to DNA is injected into the stream of 

carrier fluid between the two reaction mixtures, being 
separated from each by carrier fluid. 

27. A method as claimed in claim 21 in which, prior to 
step (v), the carrier fluid is brought into contact with a 

15 cooling zone. 

28. An apparatus for use in amplifying the amount of DNA 
or RNA present in a sample using the ligation 
amplification reaction, the apparatus comprising a tube 
adapted to carry a stream of carrier fluid, the tube being 

2 0 provided with an inlet port to enable injection of a 

reaction mixture comprising the sample, thermostable DNA 
ligase or an enzymatically active fragment thereof or an 
enzymatically active derivative thereof, suitable 
oligonucleotides, ATP or similar required nucleotide and 

25 other desirable components into the carrier fluid; pump 
means adapted to maintain the flow of the stream of 
carrier fluid through the tube; a plurality of zones at 
differing temperatures into contact with which the tube 
containing the carrier fluid is brought, the differing 

30 temperatures and the time for which the carrier fluid 
containing the reaction mixture is in contact with the 
individual zones being selected such that the following 
reactions take place in the reaction mixtures: 
(a) denaturation of the DNA strands in the sample, 

35 (b) annealing of the oligonucleotides with complementary 
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sequences in the sample DNA, and (c, ligation of 
adjacent oligonucleotides; 
and recovery means adapted to allow removal of the 
action mixture from the carrier fluid following 
5 amplification of the specific target DNA sequence! s) 
nresent in the sample. 

IT An apparatus as claimed in claim 28 in wh.ch an 
"lllne analysis means adapted to assess the extent and/or 
ipecificity of amplification in the reaction « 
10 downstream of the plurality of zones at differing 

^"aratus as claimed in claim 28 in which there 
are three temperature zones and the carrier fluid 
cyclically passes through or into contact w.th the three 

tube passes around each of the temperature zones 
20 33 An apparatus as claimed in claim 28 in wh.ch the 

PP aratus includes a cooling zone into contact with which 
the carrier fluid is brought prior to reaching the 
recovery means . 
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